Summary: We studied the effects of vibration exposure on the peripheral nerve system by measuring and comparing motor nerve conduction velocity, sensory nerve conduction velocity and residual latency in 236 vibrating tool operators and 30 normal controls of the same age-distribution. In addition, thresholds of pain and vibratory sense were examined and subjective complaints were also determined by questionnaire. Local vibration impaired the peripheral nerve, either directly or indirectly, particularly, at the distal parts of the upper extremities.
Introduction
Vibrating tools such as chain-saw, rock-drill, grinder and tie-tamper have been widely used in many industries in Japan. Their chronic use have caused vibration syndrome among many operators (Miura et al. 1966 (Miura et al. , 1969 Iwata, 1968) . The syndrome includes disturbance of peripheral nerves and joints as well as disorders of peripheral circulation in hands, for example, Raynand's phenomenon (Kakosy et al. 1973; Waltom, 1974; Matoba et al. 1975) .
In Japan, as the result of preventive countermeasures during the last decade, the picture of the syndrome has been gradually changing, especially among state forestry workers using chain-saw; for example, the prevalence of peripheral nerve disorders such as numbness, paresthesia and hypestesia in the upper limbs are becoming more remarkable than Raynand's phenomenon (Futatsuka et al. 1976; Hirosawa et al. 1977; Pyykko et al. 1978) . Nerve disorders also tend to be cumulative and irreversible. Therefore, the disorders are very important problems of the vibration syndrome from the standpoint of treatment and prevention. However, there are few reports on the detection of peripheral nerve disorders by means of nerve conduction velocity (NCV), and the analysis of the relationship between conduction velocities and subjective or objective symptoms.
In order to objectively evaluate the nerve disorders, NCV of the median and the ulnar nerves were measured in 236 male vibrating tool operators. In addition, the complaints relevant to the nerve disorders were determined by questionnaire, and the thresholds of pain and vibratory sense were measured.
In this study we examined whether or not peripheral nerve damage exist by means of NCV as a parameter, compared the conductive velocity in sensory and motor fibers, compared the conductive velocity in the distal part and the proximal part of the peripheral nerves, investigated the relationship between the subjective or objective symptoms and the conductive velocity and analyzed the etiologic causes of the nerve abnormalities.
Subjects and Methods
The subjects included 236 male vibrating tool operators and 30 healthy males (controls). Age and total operating years of both groups are shown in Table 1 . The number of daily hours with vibrating tools were considerably longer for today, and these operators had been using vibrating tools for 4 to 28 years with approximately one-third over 15 years. There is no statistical difference between the controls and the operators in age-distribution.
The MCVs of the median and ulnar nerves of the arm, the SCVs of the median and ulnar nerves of the forearm and hand, and the RLs were calculated.
Since the NCV may be influenced by skin temperature, measurement of NCV was carried out in a laboratory with room RL was calculated by dividing the distance from the point of stimulation at the wrist to the recording electrode by the conduction velocity of the nerve segment between elbow and wrist.
2) sensory fibers
The technique utilized in measuring the SCV was the antidromic method (Dawson et al. 1949; Buchthal et al. 1966; Torri, 1972) . The sensory nerve action potentials of median and ulnar nerves were picked up by stimulating the nerve fibers at elbow and wrist, and were recorded with ring electrodes wrapped around the base and middle of the little finger or index finger (Buchtal et al. 1971) .
The action potentials picked up by the recording electrodes were amplified by the D-C amplifier via input-transformer and were recorded on the oscilloscope directly or recorded after electronic averaging if noise was remarkable.
The latency was the interval from the onset of the stimulation to the onset of the response (shown in Fig. 3 ). SCV was calculated by dividing the distance by the latency.
3) sensory function tests Vibratory sense threshold was tested at the tip of all five fingers by applying a sine wave pulse of 125 Hz from an electro- 3) The feature of peripheral nerve impairment in operators Difference in SCV between forearm and palm in the median and ulnar nerves of operators with paired values.
SCVf: forearm SCV (sensory nerve conduction velocity from elbow to wrist). SCVp: palmar SCV (sensory nerve conduction velocity from wrist to finger). * P<0 .05, ** P<0. 01   TABLE  4 Difference of MCV, SCV (E-W) and SCV (W-F) between median and ulnar nerve.
MCV-d: MCV difference between median and ulnar nerves. SCV (E-W)-d: SCV (Elbow-Wrist) difference between median and ulnar nerves. SCV (W-F)-d:
SCV (Wrist-Finger) difference between median and ulnar nerves. **; P<0 .01 between the two groups. significant difference for SCVs between ulnar and median nerves in operators in comparison with that of controls, although there was no significant difference in MCV. This finding suggests that the ulnar nerve is more apt to be affected than the median nerve in the upper extremity by using vibrating tools.
4) The relationship between NCVs and total operating hours in operators
Relationship between the palmar SCV of the ulnar nerve and the total operating hours of chain-saw users is shown in Fig.  4 . NCVs tend to be inversely proportional to the increase in operating hours. Especially in the delay of palmar SCVs, there is a significant correlation between operators with less than 5,000 hours and those with more than 10,000 hours in operating chain-saw.
5) The relationship between NCVs and peripheral circulatory function in operators Fig. 5 shows the prevalence of abnormal MCV and palmar SCV for operators with or without white finger attack (=Ray-naud's phenomenon).
There is a tendency for operators with white finger attack to demonstrate more abnormal NCVs than those without attack, though no significant difference in NCVs was noted between the two groups. Table 5 shows the relation between NCVs and peripheral circulatory functions with partial correlation controlled for age and total operating hours. There is a close relationship between circulatory dysfunction and NCVs in operators.
These data suggest that nerve impairment is partly due to peripheral circulatory disturbance in operators.
6) The relationship between pathological findings in neck X-rays and NCVs X-ray examination of the cervical spine was performed randomly on 76 operators. Forty-one of 76 operators showed some pathological changes in the cervical spine and 25 of the 41 operators showed remarkable changes mainly at C6 and C7. However, no significant correlation was found between changes and conduction velocities (Table 6 ).
7)
The relationship between common subjective symptoms of vibration disease and NC Vs
The relation between symptoms and palmar SCV of ulnar nerve is shown in Table 7 . To assess the significance of the relations between each symptom and SCV, Man-Whitney U test (two-tailed) was used.
Symptoms which significantly correlated with SCV included (1) those relevant to sensory disturbance, such as lessened sensibility to touch and heat sensation, lessened sensibility on nipping fingers between objects, and (2) those related to the musculo-skeletal system, such as stiffness of hands, pain in hands and elbows, difficulty in extending or flexing elbows, shoulder stiffness and heavy feeling in upper extremities.
There was no relationship between delay of NCVs and symptoms relevant to central nervous system, such as finger tremor, headache, palmar sweating, insomnia and dizziness. Relationship between conduction velocity of the median nerve and degenerative changes of the cervical spine (C6, C7) on neck X-ray. Relationship between SCV (W-F) of ulnar nerve and main complaints due to the use of vibrating tools.
P : two tailed probability using Man-Whitney U test (between the operators with complaint and the operators without complaint). As to peripheral nerve disturbance in vibrating tool operators, it is not clear whether neurological changes in the extremities are due to primary impairment of the nervous system by vibration or secondary impairment.
The present study intended to clarify the main features and the etiologies of the peripheral nerve disorders by analyzing the relationships between NCVs and subjective or objective findings.
This study clearly documented abnormalities of NCVs (MCV, SCV and RL) in vibrating tool operators.
Among the first researchers to analyze the peripheral nervous disturbance in vibration disease, Dylewska (1970) and Lukas (1970) employed NCV.
Then Seppalainen (1972) noted that MCVs of median and ulnar nerves were slowed in 16.5 to 28.5 °o of 103 forest workers using chain-saw. From the results he concluded that the decrease of conduction velocity of the slower fibers (CVSF) indicated partial nerve damage, such as segmental demyelielinization. It was also reported by others (Styblova, 1959; Katsunuma et al. 1961 Katsunuma et al. , 1963 Takagi, 1968) that abnormal findings in EMG were frequently found among vibrating tool operators.
In the present study, the prevalence of reduced SCV was significantly higher than that of reduced MCV in the forearm of operators. It coincides with results obtained by Nishi (1972) .
The difference between forearm SCV and palmar SCV was significantly larger in operators than in controls. This means that the delay of SCV was more striking in the palm than in the forearm, that is to say, impairment of peripheral nerve was more prominent in the distal parts of the upper limbs among operators. Regarding this point, Araki et al. (1976) have suggested that vibration tends to affect the peripheral nerve at the distal parts of the upper limbs, and impairment of the peripheral nerve is due to primary effect of vibration and not to consequences of vascular changes.
This opinion is supported by the author's result that a "doseresponse" relationship existed between total operating hours and delay of SCV among operators using chain-saw.
In addition, a significant relationship was found between delay of palmar SCV and complaints relevant to the wrist among operators. This observation indicates that pathological changes of tissues surrounding the nerve at the wrist may play a role in the occurrence of peripheral nerve impairment which is more prominent in the distal parts of the upper extremities.
A significant difference in the delay of SCV between the median nerve and the ulnar nerve was also observed among operators in comparison with that of controls. It suggests that nerve impairment is relatively prominent in the ulnar nerve rather than in the median nerve. It is reasonable that the ulnar nerve is more apt to be affected by vibrating tools, since the ulnar nerve is easily oppressed at the hands, wrist and elbow (Lukas, 1970) . It has also been pointed out by some authors (Hagen, 1947; Matoba et al. 1975 ) that as the result of deformity of the elbows, luxation of the ulnar nerve from the sulcus at elbow is often brought about in vibrating tool operators. Some authors believe that white finger attack and abnormality in the nerves are probably independent of each other (Katsunuma, 1963; Furumoto, 1966; Araki, 1976 As the result of EMG, X-ray findings of the neck, complaints relevant to the nervous system and NCVs, Togi et al. (1974) emphasized that the changes of the cervical spine were important factors in the etiology of nerve disorders induced by vibrating tools. But in this study, there was no relationship between delay of NCVs and pathological changes on neck X-ray. Simultaneously, Tanabe was unable to find a relationship between them.
As to the etiology of peripheral nerve damage due to vibraring tools, the results of this study suggest that peripheral nerve disorders of operators with vibration disease may result from a complex series of events, including direct nerve injury as a primary cause, and circulatory dysfunction and musculo-skeletal disorders as secondary causes. 
